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Abstract 
This paper presents an eco-innovative design method for developing eco-leasing type product service systems by using TRIZ method. This 
method comprises the product characteristic assessment of leasing, product characteristics corresponding TRIZ inventive principles, low-
carbon impact assessment and case-based corresponding method. Analyzing the characteristics of products in the market can find suitable 
products for leasing service. Integrating product features and TRIZ method can find TRIZ innovative principles for improving innovative 
design concept of eco-leasing. For the assessment of low-carbon effect, this paper proposes an eco-leasing service efficiency assessment 
method. This proposed eco-innovative design method can help designer systematically find creative solutions for eco-leasing with the concept 
of low-carbon implemented. Finally, the design cases demonstrate the capabilities of the proposed method and procedures. 
© 2014 Published by Elsevier B.V. Open access under CC BY-NC-ND license. 
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1. Introduction 
Along with the rising of the concept of sustainable 
development in products and industry, the issue of low-carbon 
and PSS are concerned in the international community. Using 
eco-leasing to reduce environment impact is a topic worthy of 
further exploration. Eco-leasing is a low or no-down payment 
leasing for encouraging households and corporations (SMEs) 
to introduce low-environmental impact eco-product/equipment
by subsidy of lease fees system. In 2011, the Ministry of the 
Environment in Japan promoted an eco-leasing subsidy 
program for households and businesses to encourage low-
carbon facilities. Though there are many eco-leasing examples 
that can be followed, it still needs a method to provide product 
designers some inspirations. 
The use of TRIZ method in PSS development methodology
is proposed by Abdalla [1-2]. Kondoh and his co-authors [3] 
have proposed some rules for planning new eco-business or
PSS. Chen and his co-authors [4] have proposed TRIZ ideality
and trend of evolution in eco-business. Chen and Huang [5] 
have presented an eco-innovation method to support designers 
to develop product service systems (PSS). This method is 
based on TRIZ 40 inventive principles and contradiction 
matrix tool. Current PSS cases are collected and divided into 
five categories. A relationship table between TRIZ inventive 
principles and PSS cases is established in this paper to 
presents a new design guideline for PSS. Rovida and his co-
authors [6] proposed a framework for the use of TRIZ-based 
tools in PSS. Chen and Li [7] collected and analyzed current 
PSS cases to identify consumers’ use habit in the PSS cases. 
Find out the relations between product and service in those 
cases. Several design tables are developed and used as tools 
for PSS eco-innovation. Chen and Huang [8] presented an 
eco-innovative design methodology to support designers to 
develop product service systems (PSS) by using functional 
analysis and the TRIZ substance-field model. Chen and Liu [9] 
propose a low-carbon emission concept PSS innovative design 
method to assist the designer developing clear concepts of 
low-carbon effective PSS. Chen and Hung [10] presented a 
low carbon PSS eco-innovation method by using biomimetics 
concepts and TRIZ method.  
In this paper, an eco-innovative design methodology to 
support designers to develop low-carbon eco-leasing by using 
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system layer analysis map, eco-leasing assessment, low-
carbon eco-leasing case database, and TRIZ inventive 
principles is proposed.  A low-carbon comparison index is 
also proposed in this paper for evaluating the effect of 
different low-carbon eco-leasing concepts.  An eco-leasing 
innovation example was demonstrated to illustrate the 
effectiveness of proposed methods. 
2. Eco-leasing assessment method 
Ten product’s characteristic factors for low-carbon eco-
leasing are (1) frequency of use: the time for use in life cycle 
period of product, (2) price: the average price of product in 
market, (3) used ratio: how often the consumer use this 
product, (4) idle-using ratio: the ratio of idle time divided by 
using time of product, (5) can be used along: whether the 
extra oil, water or electricity are required for using this 
product, (6) maintenance cost: the cost for maintenance this 
product, (7) life cycle: life time of product in market, (8) 
pollution: pollution produce during the use of this product, (9) 
degree of repairability: Whether this product can be repaired 
after damage, and (10) updating rate: the frequency of product 
updating, respectively. The level of each factor and the rank 
of each level are all shown in Table 1.  
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Examples of eco-leasing evaluation are illustrated in Table 
2. The product’s characteristics factor, such as (1) frequency 
of use, (2) price, and (3) used ratio is more important. 
Therefore, the weighting value is defined to be “2” in this 
study. After collecting 85 PSS cases and using eco-leasing 
evaluation method, it found that the product with score higher 
than 40 has more potential for eco-leasing. From the sum 
score of Table 2, carpet, copy machine, and car suitable for 
eco-leasing are all with score higher than 40. 
 
Table 2. Evaluation scores of eco-leasing 
Product → Carpet Copy 
machine 
Car Chemicals Agricultural 
products 
Frequency of use 4 5 5 1 1 
Price 3 3 5 2 1 
Used ratio 5 5 5 5 5 
Idle-using ratio 3 3 3 1 1 
Can be used along 3 1 1 3 3 
Maintenance cost 2 2 3 2 1 
Life cycle 5 5 5 3 1 
Pollution 3 3 1 1 3 
Degree of 
repairability 
1 3 3 1 1 
Updating rate 1 1 2 1 1 
Sum 42 44 48 28 25 
 
3. Eco-innovation method for eco-leasing 
3.1. Design process for eco-leasing eco-innovation 
The design procedure can be recognized as three stages.  
The significations of these three parts are explained in detail 
as follows. 
3.2. First stage: eco-leasing assessment 
The designer can first assess the problem of product 
service system by using the eco-leasing assessment tool as 
shown in Table 1. The first step is to identify the level value 
of ten product’s characteristic factor from the definition of 
Table 1 for target product. Next, the designer can calculate the 
score of eco-leasing feasibility as in Table 2. The product with 
score higher than 40 has more potential for eco-leasing.  
3.3. Second stage :eco-innovation of eco-leasing 
In this stage, a relationship table between 8 product’s 
characteristic factors and TRIZ parameters is shown in Table 
3. The high and low level value of 8 product’s characteristic 
factors in first stage can treat the associate TRIZ parameters 
as the improving parameters and the deteriorating parameters 
in TRIZ contradiction matrix, respectively. 
Table 3. Relationship between the product’s characteristic factor and TRIZ 
parameters 
Product property  TRIZ parameters 
Frequency of use 39 Productivity 
Used ratio 25 Waste of Time 
Can be used along 38 Level of Automation 
Life cycle 15 Durability of Moving Object 
16 Durability of Non-Moving Object 
Pollution 30 Harmful Factors Acting on Object 
Maintenance cost 
Degree of repairability 
34 Repairability 
Updating rate 13 Stability of Object 
 
Then, the designer can find the suggested TRIZ inventive 
principles from the TRIZ contradiction matrix to innovate 
new ideas for developing eco-leasing. Otherwise, the designer 
can turn to PSS eco-innovation method to develop suitable 
PSS service. 
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3.4. Third stage: low-carbon effect evaluation 
Once the new eco-leasing eco-innovation type is developed, 
the designer can perform the low-carbon effect evaluation. A 
low-carbon comparison index, eco-leasing low-carbon effect 
comparison value (ELCV), is presented to evaluate the effect 
of different low-carbon eco-leasing concepts, as shown in 
equation (1).  
 
ELCV = 1 – (ELVnew/ELVold)                            (1) 
 
Where ELVNew and ELVOld are the eco-leasing low-carbon 
effect value (ELV) of new and old PSS, respectively. The 
higher value of ELCV means that the improvement in 
reducing carbon emission in new eco-leasing is significant. 
The eco-leasing low-carbon effect value (ELV) is proposed to 
calculate the effect of different low-carbon eco-leasing 
concepts by semi-qualitative method, as shown in the 
following equation (2).  
 
      ELV = DP x PC + UM x ES + TM + MO                (2) 
 
Where DP is the type of disposal process, PC is the product 
carbon footprint comparison, UM is usage management, ES is 
energy source, TM is transportation management, and MO is 
material option. Each variable has 4 or 5 qualitative levels 
Small qualitative value means low-carbon emission condition.  
The type of disposal process (DP) is evaluating the end-of-
life treatment of eco-leasing products. DP is divided into four 
levels, such as (1) totally reuse (qualitative value=1), (2) 
partially reuse and remanufacture (qualitative value=2), (3) 
landfill (qualitative value=3), (4) incineration (qualitative 
value=4). The product carbon footprint comparison (PC) is 
evaluating carbon footprint difference between new and old 
leasing products. PC divided into five levels, such as (1) less 
than 30% (qualitative value=1), (2) less than 10%~30% 
(qualitative value=2), (3) no difference (qualitative value=3), 
(4) higher than 10%~30% (qualitative value=4)., (5) higher 
than 30% (qualitative value=5). Usage management (UM) is 
evaluating energy efficiency by the strategy of using eco-
leasing product. UM is divided into five levels, such as (1) 
pure service and control by other (qualitative value=1), (2) 
best use planning (qualitative value=2), (3) related consultant/ 
education is available (qualitative value=3), (4) personal or 
corporations (qualitative value=4)., (5) public (qualitative 
value=5). The energy source (ES) is identifying the type of 
energy source of eco-leasing product/service. ES is divided 
into four levels, such as (1) no extra energy requirement 
(qualitative value=1), (2) clean energy (qualitative value=2), 
(3) nuclear or bio energy (qualitative value=3), (4) coal or oil 
(qualitative value=4). Transportation management (TM) is 
evaluating the type of transformation during eco-leasing 
service. TM is divided into four levels, such as (1) no 
transportation requirement (qualitative value=1), (2) best 
route design (qualitative value=2), (3) mass transportation 
(qualitative value=3), (4) no planning (qualitative value=4). 
The material option (MO) is evaluating the type of using 
material in eco-[easing products. MO is divided into four 
levels, such as (1) biodegradable material (qualitative 
value=1), (2) recycling material (qualitative value=2), (3) eco-
material or single material (qualitative value=3), (4) non eco-
material or non single material (qualitative value=4). 
The designer can calculate the eco-leasing low-carbon 
effect assessment index, ELV and ELCV, to evaluate the 
effect of new low-carbon eco-leasing concept.  If the new eco-
leasing concept is not good enough, then go back to second 
stage to find better innovation idea. 
4. Example 
4.1. Problem description 
The office automation (OA) furniture is selected as 
example for demonstrating the proposed method for 
innovating low-carbon concept eco-leasing. The OA furniture 
include office furniture, computer desks, children's chairs, TV 
stands, cabinets, brackets, office desks, conference tables, 
computer workstations, ergonomic office chairs, and LCD 
monitor arms, etc. Currently, OA furniture already has leasing 
business service in the service market. However, this kind of 
leasing business may not to be a low-carbon leasing business. 
4.2. Eco-leasing assessment of OA furniture 
The designer can first find the level value of characteristic 
factor for OA furniture from the definition of Table 1, as 
shown in Table 4.  As illustrated in Table 4, the sum score of 
OA furniture is 41. It means that the OA furniture is suitable 
for eco-leasing. This can be proved by the leasing business of 
OA furniture is available in the service market. 
 
Table 4. The eco-leasing assessment of OA furniture 
 Weighting Evaluation scores 
Frequency of use 2 4 
Price 2 3 
Used ratio 2 5 
Idle-using ratio 1 1 
Can be used along 1 3 
Maintenance cost 1 1 
Life cycle 1 5 
Pollution 1 3 
Degree of repairability 1 2 
Updating rate 1 2 
Sum  41 
 
4.3. Eco-innovation of OA furniture eco-leasing 
The high level value of product’s characteristic factors in 
Table 4 are “frequency of use”, “used ratio”, “can be used 
along”, “life cycle”, and “pollution”, According to the 
Relationship between the product’s characteristic factor and 
TRIZ parameters in Table 3, one can select TRIZ parameters 
“#39 Productivity”, “#25 Waste of Time”, “#38 Level of 
Automation”, “#16 Durability of Non-Moving Object”, and 
“#30 Harmful Factors Acting on Object” as the improving 
parameters in TRIZ contradiction matrix. Furthermore, the 
low level value of product’s characteristic factors in Table 4 
are “maintenance cost”, “degree of repairability”, and 
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“updating rate”. The corresponding TRIZ parameters “#34 
Repairability” and “#13 Stability of Object” in Table 3 are 
selected as the deteriorating parameters in TRIZ contradiction 
matrix. 
The TRIZ contradiction matrix will suggest many TRIZ 
inventive principles for designer to innovate new idea. In this 
example, three TRIZ inventive principles, such as “#10 Prior 
action”, “#16 Partial, overdone or excessive actions”, and 
“#34 Rejecting and regenerating parts”, are selected as 
inventive principles to innovate new low-carbon concept eco-
leasing idea. 
One of PSS interpretation of TRIZ inventive principle #10 
is providing active service at the customer side. The designer 
can generate new eco-leasing idea for OA furniture as 
providing effective transportation route plan service and 
reservation with on-site maintenance service. 
The PSS interpretation of TRIZ inventive principle #16 is 
using durable material to extend product life. One can 
promote new eco-leasing idea for OA furniture as using 
durable material and recycling /reuse eco-material in OA 
furniture to extend product life and reduce environmental 
impact. 
As for TRIZ inventive principle #34, the PSS interpretation 
is reuse parts and remanufacturing products. The designer can 
produce new eco-leasing idea for OA furniture as 
remanufacturing and reuse OA furniture by modular design. 
4.4. Low-carbon effect evaluation 
The ELV value of traditional (old) and new eco-leasing 
business model of OA furniture is illustrated in Table 5. The 
calculation of ELCV from equation (1) gives 46%. Therefore, 
new OA furniture eco-leasing concept has the potential to 
have a lower carbon footprint compared to old OA furniture 
leasing business model. 
 
Table 5. The eco-leasing low-carbon effect value for OA furniture 
 DP PC UM TM ES MO ELV 
Old 2 2 4 3 1 4 15 
New 1 2 2 2 1 2 8 
5. Conclusions 
This paper presented an eco-innovative design 
methodology to support designers to develop low-carbon eco-
leasing by using system layer analysis map, eco-leasing 
assessment, low-carbon eco-leasing case database, and the 
TRIZ inventive principles model. A low-carbon comparison 
index is presented to evaluate the effect of different low-
carbon eco-leasing concepts. By using this method, the design 
of low-carbon eco-leasing may have more innovative 
possibilities. 
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